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ARTIFICIAL HEART VALVE ATTACHMENT APPARATUS 

Background of the Invention 

This invention relates to apparatus and 
methods for attaching replacement heart valves. 
5 The replacement of a defective heart valve 

requires an- open heart procedure in which the old . 
defective, valve is removed and replaced with an 
artificial valve. Generally, this procedure requires 
the heart to be placed on a cardiopulmonary bypass 

10 (CPB) to allow the heart to be stopped and the new 
valve to be carefully sewn in place. 

This method of valve attachment, commonly 
known as suturing, is an effective method of attaching 
the new heart valve to the heart. However, it requires 

15 significant time and skill to complete. Therefore. 

extended CPB time is required. The extended CPB time 
associated with suturing, in conjunction with the 
complex nature of the procedure itself, may increase 
the likelihood of complications, including stroke. 

20 heart block and long patient recovery times. 

Therefore, it would be desirable to provide 
heart valve attachment apparatus and methods that 
significantly reduce attachment times. 
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Brief Description of the Drawings 

The above and other objects and advantages of 
the invention will be apparent upon consideration of 
the following detailed description, taken in 
5 conjunction with the accompanying drawings, in which 
like reference characters refer to like parts 
throughout: 

FIG. 1 is an elevational view of a preferred 
embodiment of a heart valve according to the invention. 
10 FIG. 2 is an elevational view of the heart 

valve of FIG. 1 in a deployed position. 

FIG. 3 is an elevational view of another 
embodiment of a heart valve according to the invention. 

FIG. 4 is an elevational view of the heart 
15 valve of FIG. 3 in a deployed position. 

FIG. 5 is an elevational view of a connector 
band according to the invention . 

FIG. 6 is an elevational view of the heart 
valve of FIGS. 3 and 4 in a deployed position. 
20 FIG. 7 is an elevational view of another 

embodiment of a heart valve according to the invention. 

FIG. 8 is an elevational view of the heart 
valve of FIG. 7 in a deployed position. 

FIG. 9 is an elevational view of another 
25 embodiment of a heart valve according to the invention. 

FIG. 10 is an elevational view of the heart 
valve of FIG. 9 in a deployed position. 

FIG. 11 is an elevational view of another 
connector band according to the invent ion . 
30 FIG. 12 is an elevational view of another 

connector band according to the invention . 

FIG. 13 is a top view of the connector band 

in FIG. 12. 

FIG. 14 is an elevational view of another 
35 embodiment of a heart valve according to the invention. 
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Summary of the Invention 

It is an object of the invention to provide 
heart valve attachment apparatus arid methods that 
significantly reduce attachment times. 
5 A valve apparatus for deploying in, and 

securing to, a tissue annulus . includes: a uni- 
directional valve portion for passing fluid in one 
direction and obstructing fluid in an opposite 
direction, a connector band located circumferentially 

10 around, and attached to, the valve portion and a 

plurality of fingers located circumferentially around, 
and attached to. the band. The fingers are adapted to 
secure the valve to the tissue annulus. 

In an alternative embodiment, a connector 

15 band can be deployed separate from the valve portion. 
After the band is deployed . a valve can be attached to 
the band by screws . pop rivets or other suitable 
attachment device or method . 

In another alternative embodiment, fingers 

20 can be implemented on the valve portion itself, thereby 
obviating the need for a connector band. 

Detailed Description of the Inven tion 

This invention relates to heart valves which 
are modified so that the valve can be attached to the 

25 heart without the need for suturing. Significant 
technology has been developed related co replacing 
sutures in bypass grafting i.e. . attaching a tissue 
conduit to another with a mechanical connector rather 
than sewing the conduits to each other to form the 

30 anastamosis. Examples of such technology are found in 
commonly assigned United States Patent No. 5,976.178 
and co-pending commonly assigned patent applications 
08/839.199. 08/946.742. 09/016.721. 09/187.335, 
09/187,361 and 09/186.774. all of which are 

35 incorporated by reference herein in their entireties. 
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These references, at least in pare, disclose 
inventions related to methods and apparatus for 
attaching synthetic or biological tissue grafts without 
the need for sutures. Portions of the references deal 
5 specifically with methods and apparatus for attaching 
synthetic or biological tissue grafts to a connector, 
which is then secured to a blood vessel -- e.g. . the 
aorta -- by using hooked or barbed fingers. In certain 
embodiments . the fingers are formed from an elastic 

10 material -- e.g.. nitinol wire. In these embodiments, 
the fingers may be stretched or otherwise manipulated 
to pierce the tissue graft and retain the tissue graft 
with the hooked or barbed ends of the fingers. The 
elasticity of the fingers then causes the fingers to 

15 snap back such that the tissue graft is secured to the 
connector. The connector is then connected to a blood 
vessel to complete an anastamosis. 

Alternatively, the fingers may be formed from 
relatively non-elastic stainless steel. In these 

20 embodiments, the fingers are deformed to properly 

engage the tissue graft and then mechanically crimped 
to seal the connector to the tissue graft. 

The present invention provides methods and 
apparatus for using retention fingers , such as the 

25 fingers described above , to attach heart valves to 
hearts . 

FIG. 1 shows an artificial heart valve 100 
* having a balloon expandable connector band 1 10 with a 

one-way valve portion 120 integrated within connector 

30 band 110. Valve 100 is positioned for deployment in 
the left ventricle outflow valve of a heart (this 
location illustrates only one possible exemplary 
embodiment of the invention ; and is not intended to 
limit the invention to use only in the left ventricle 

35 outflow valve.) Connector band 110 preferably includes 
a series of retention fingers 130 with barbed ends -- 
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i.e. . rhe ends of the fingers have small projections 
that secure the fingers to their surface of 
engagement or. alternatively, hooked ends i.e. . 
the ends of the fingers are bent --, or a combination 
5 of the two. spaced substantially circurnferentially 
around band 110. Each finger preferably is attached 
adjacent to one end of the length of band 110 and has a 
corresponding finger that opposes it and is attached to 
rhe other end" of the length of band 110. Thus, when 

10 the length of band 110 is reduced, the ends of each set 
of corresponding fnngers 130 converge and engage the 
surrounding tissue. 

The invention operates as follows: first, 
valve 100 is positioned for securing to the tissue 

15 annulus that surrounded the old valve. Then, 

balloon 140 is preferably positioned through the 
orifice of valve 100. Balloon 140 is then expanded. 
The positioning and expansion of balloon 140 can be 
accomplished by methods that are known to those in the 

20 art and explained in more detail in the references 

which are incorporated by reference above e.g. , U.S. 
Patent No. 5.976, 178. 

Expansion of balloon 140 increases the 
circumference of band 11 0 to conform to . and 

25 substantially fill, the tissue annulus. As connector 
band 110 expands circurnferentially. It shortens in 
length -- i.e. , the dimension of band 110 that is 
substantially parallel to the blood flow. The 
shortening in length causes the barbed heads on each 
"30 corresponding pair of retention fingers 130 to converge 
and engage the surrounding tissue annulus , thereby 
securing valve 100 to the tissue annulus. When the 
heads of fingers 130 engage the tissue annulus. they 
preferably remain there permanently. Valve 120, which 

35 may preferably be formed from porcine tissue , or other 
suitable natural or synthetic tissue . can be pushed out 
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of rhe way during expansion and then naturally returns 
following expansion. 

FIG.' 2 shows valve 100 after it has been 
deployed. Band 110 may be formed from expandable metal 
5 i.e. . metal that has been perforated and cut in such 

a way that it can be expanded in one or more directions 
by deforming the metal in the vicinity of the cuts and 
perforations. This type of structure is frequently 
found in stents used to prevent collapsejs of tubular 

10 body structures; and band 110 could be a converted 
stent, possibly with some modifications. 
Alternatively, band 110 may be constructed from an 
expandable open mesh framework (see mesh 360 in FIG. 3 
and 4) e.g. , a braid of nitinol , stainless steel, 

15 tungsten wires or polymer strands which may be 

covered with a rubber- like web e.g. . of silicone --. 

It should be noted that: following expansion 
of band 110, the diameter of band 110 has increased, 
while the length of band 110 has decreased. As the 

20 length of band 110 is decreased, the barbed heads of 
axially opposite fingers 130 converge, engage the 
tissue annulus. and secure valve iOO to the tissue 
annulus. The broadening and shortening of the black 
diamonds 160 shown in FIGS. 1 and 2 indicate the 

25 circumferential expansion and the lengthwise 

contraction of the metal. Following deployment, 
fingers 130 grab the tissue annulus and exert a force 
joining band 110 to the. tissue annulus. The force 
exerted by the fingers on the tissue annulus forms a 

30 substantially leak -proof compression sea], between 
band 110 and the tissue annulus. Thus, the tissue 
preferably forms a lip which abuts the valve 
portion 120 of valve 110. 

The outer walls of band 3 10 may include a 

35 gasket-like material. In an alternative embodiment, a 
separate gasket 150 (shown in FIG. .!) may be attached 
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around band 110. To further enhance the seal between 
band 110 and valve portion 120 "Che gasket- like 
material, or gasket 150, preferably conforms to the 
existing tissue annulus and seals the new valve to the 
5 tissue annulus to protect against leakage around , or 

through . band 110. Gasket 1 50 may preferably be formed 
from a soft, defonnable biocompatible material e.g. , 
polyurethane , silicone, dacron or other suitable 
material -- that readily conforms to existing tissue. 

10 yet provides a fluid-tight seal around valve 110. 

FIG . 3 shows another embodiment of an 
artificial heart valve 300 according to the principles 
of the invention. Valve 300 includes fingers 330 that 
are substantially perpendicular to the length of 

15 band 310. 

FIG. 4 shows valve 300 after it has been 
deployed. Fingers 330 are shown secured to the tissue 
annulus by the barbed heads of fingers 330 and a 
compression seal is preferably formed between band 310 

20 and the tissue annulus. 

FIG. 5 shows one embodiment of an band 510 
suitable for deployment to attach to the tissue annulus 
as shown in FIGS. 3 and 4. At this stage, fingers 530 
are parallel to the length of band 510. However. 

25 fingers 530 may be redirected radially outward , 
perpendicular to the length of band 510 by some 
suitable means. After redirection, fingers 530 may 
preferably appear similar to fingers 330 shown in 
FIGS. 3 and 4. Thereafter, band 510 can be further 

30 expanded such that fingers 530 engage, and are secured 
to , the tissue annulus . 

One advantage of the embodiment shown in 
FIG. 5 is that the band can be positioned using suture 
threads or other suitable devices which can be attached 

35 to rings 550. Rings 550 may be linked to the 
infrastructure of fingers 530. 



Band 510 should preferably be expandable. 
Fingers 530 can be oriented outward before expansion 
-- e.g. , during production of band 510. Then, band 530 
is positioned within the tissue annulus. Thereafter, 
fingers 530 are secured to the tissue annulus upon 
expansion of band 510. 

In an alternative embodiment of the 
invention . a connector band can also be deployed 
separate from a valve. In this embodiment, a band, 
such as band 510, may first be expanded and secured to 
the tissue annulus at the required implant site. Then, 
the valve can be incorporated into the band . To 
facilitate the connection of the band to the valve, the 
band may contain a number of holes or recesses adapted 
to receive screws from an implanted valve . or seats for 
rivets or clips which are used to secure the valve to 
the previously deployed band. Alternatively, rivets 
which require no -preformed seats , but are popped 
through a flat portion of the band may also be used to 
secure the valve to the band . Examples of 
recesses 350, 450 are shown in FIGS. 3 and 4. The 
recesses may preferably be located on the interior side 
of the band. 

FIG. 6 shows an exemplary valve 600 deployed 
in a left ventricle outflow valve of a complete heart. 
Valve 600 has fingers 630 similar to the valve shown in 
FIGS. 3 and 4. Balloon 640 is shown as exiting from a 
guide catheter 660, as is known in the art. One way to 
guide balloon 640 is by markers 650 which are 
implemented on balloon 640. as is known in the art. 
Markers 650 allow the balloon to be positioned using 
x-rays or fluoroscopically . Once a desired position 
for balloon 640 is achieved, balloon 640 is expanded, 
and valve 600 is secured to the tissue annulus. In one 
embodiment, the old valve may not require removal, but 
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may just be compressed our of the way by expanding the 
new valve . 

FIG. 7 shows an embodiment: of a non -expanding 
valve 700 according to the principles of the invention. 
5 Valve 700 preferably includes fingers 730 that are 

oriented in a direction that is substantially parallel 
to the length of band 710 and are oriented in the 
direction of the blood flow. The exact orientation of 
the fingers can be configured before insertion. In 
10 this embodiment, once valve 700 is positioned within 
the tissue annulus, the surrounding tissue can be 
pulled up and over each retention finger. The tissue 
can be manipulated using a tweezers or other suitable 
tool . 

15 The fingers described throughout this 

application are preferably formed from an elastic 
material e.g. , nitinol . The elasticity of the 
material allows the fingers to be expanded without 
undesirable deformation . The fingers may be heat -set 

20 to be flat against the length of band 710, or to be 
slightly projecting out from band 710. During 
deployment through expansion of fingers 730, each flat 
individual finger 730 may be temporarily erected 
simultaneous to the tissue from the tissue annulus 

25 being pulled up and over the erected fingers. 

Thereafter, fingers 730 are released. When released, 
fingers 730 snap back to their original position, 
compressing and securing the tissue annulus to 
valve 700. 

30 In an alternative embodiment of valve 700. 

retention fingers 730 may preferably be formed from 
relatively non-elastic, preferably annealed, stainless 
steel. Each finger is erected before deployment. 
Then, once the tissue annulus is pulled up and over 

35 each finger 730 such that the tissue annulus is pierced 
by each finger 730. the finger is crimped down against 
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the valve body to secure the tissue annulus to 
valve 700. 

FIG. 8 shows valve 700 after it has been 
deployed within the tissue annulus. In FIG. 8, 
fingers 730 secure valve 700 to the tissue annulus . 

FIGS. 9 and 10 show a valve .900 with 
fingers 930 oriented in a direction that is parallel to 
the length of band 710 but. unlike valve 700. is 
substantially opposite to the blood flow. One 
advantage of this embodiment is that fingers 930 are 
oriented in the direction of insertion which , in the 
case of the left ventricle outflow valve, is opposite 
the blood flow. Thus, the orientation of fingers 930 
allows the surgeon to more readily advance the valve 
into the tissue annulus and to engage and secure the 
valve to the annulus . Another advantage of valve 900 
is that the deployment of valve 900 does not require a 
tool to pull the flesh of the tissue annulus over the 
finger heads. Rather, valve 900 can be directly 
engaged to the tissue annulus by applying pressure to 
valve 900 opposite the direction of the blood flow. 

FIG. 11 shows an embodiment of a preferably 
non- expandable connector band 1110 for use in the 
valves shown in FIGURES 7-10. When band 1110 is 
inserted into the tissue annulus. Fingers 1130 and 
arches 1140 are caused to proj ect outwards from 
band 1110. Fingers 1130 may be caused to project 
outwards when they are formed in the production 
process . When the band is expandable , it may be 
positioned within the tissue annulus. and. thereafter, 
the fingers are secured to the tissue annulus upon 
expansion of the band. 

FIG. 12 shows yet another embodiment of a 
valve 1210 according to the present invention. In 
valve 1210, fingers 1230 are oriented in a 
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circumferential direction around the circumference of 
valve 1210. 

Valve 1210 operates as follows: first, 
valve 1210 is positioned in the tissue annulus. This 
5 can be done by rotating valve 1210 into position (in 
the exemplary valve shown in FIG. 12, this requires a 
clockwise rotation around central longitudinal 
axis 1270) so fingers 1230 do not engage the tissue 
annulus. Then, valve 1210 is rotated in a 
10 counterclockwise direction around central longitudinal 
axis 1270. This rotation causes fingers 1230 to pierce 
the tissue annulus. Thereafter, fingers 1230 return to 
their original position (or. in the case of stainless 
steel fingers , the fingers are mechanically crimped to 

15 return to their original position) and the valve 1210 
is secured to the tissue annulus. Rotation of 
valve 1210 can be accomplished using a tool which may 
be designed to rotate valve 1210 or with another 
suitable technique. 

20 FIG. 13 shows an end view of valve 1210. In 

this view, fingers 1230 are shown in a substantially 
fully expanded state . 

FIG. 14 shows another alternative embodiment 
of the invention wherein the fingers 1430 are 

25 preferably placed on the heart valve 1410 directly. 

without the interface of the connector band. In this 
embodiment, the fingers are distributed 

circumferential ly around the heart valve, and the heart 

valve is inserted directly into the tissue annulus. 
30 Fingers 1430 may preferably be attached to heart 

valve 1410 in any of the possible configurations 

described herein. 

In addition, though fingers 1430 are shown as 

hooked and barbed, they may be either hooked or barbed. 
35 As mentioned above, this feature of hooked and/or 
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barbed fingers may preferably be used in each 
embodiment: of the invention . 

Each of the artificial hearc valve attachment 
apparatus described herein preferably allows a 
replacement valve. according to the invention to be 
implanted surgically or percutaneous ly . 

The diameter of an exemplary expandable valve 
and/or connector band, like the valves and bands 
described herein in accordance with the present 
invention, is preferably between 3 and 5 millimeters 
before expansion. After expansion, the diameter of the 
valve and/or band is preferably between 15 and 
20 millimeters. The length of the valve and/or band is 
preferably between .75 and 2 inches before expansion, 
and , after expansion . is preferably between . 5 and 
1 . 5 inches . 

Materials that are suitable for use in a 
connector band according to the invention and as 
described herein, preferably include stainless steel or 
tantalum. These materials are relatively easily 
yieldable under balloon pressure when constructed as 
described above with either a bio -compatible mesh or 
with perforations, and are substantially radiopaque. 
The preferably substantially uni -directional valve 
element itself is flexible, preferably porcine, tissue 
(the valve element may allow for a minimal backflow of 
fluid upon the change in direction of fluid flow) . The 
valve in the embodiment described above in which the 
connector band is deployed separate from the valve, is 
preferably a rigid valve formed from a suitable bio- 
compatible material e.g. , stainless steel -- which 
may provide improved connectability with the connector 
band. 

In addition, for the embodiments of the 
invention described herein, the number of fingers 
required may preferably be between 10 and 40 barbed or 
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hooked fingers around the circumference of the valve, 
and most: preferably 24 fingers. As mentioned above. 
t.he fingers may be formed from a variety of substances , 
including, but not limited to, nitinol or stainless 
5 steel . 

Thus . an artificial heart valve attachment 
apparatus and methods that significantly reduce 
attachment times is provided. Persons skilled in the 
art will appreciate that the present invention can be 
10 practiced by other than the described embodiments. 

which are presented for purposes of illustration rather 
than of limitation, and the present invention is 
limited only by the claims which follow. 
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WHAT IS CLAIMED IS: 

1 . A valve apparatus for deploying in . and 
securing to, a tissue annulus . said valve comprising: 

a uni -directional valve portion for 
passing fluid in one direction and obstructing fluid in 
an opposite direction; 

a connector band located 
circumferentially around, and attached to, said valve 
portion ; and 

a plurality of fingers located 
circumferentially around, and attached to, said band, 
said fingers being adapted to secure said valve to said 
tissue annulus. 

2. The valve of claim 1, wherein said 
fingers are adapted to secure said valve to said tissue 
annulus upon expansion of said band. 

3. The valve of claim 1. wherein said 
fingers can be expanded from a first position adjacent 
to said band , engaged to said tissue annulus , and 
returned to said first position following said 
engagement, thereby securing said band to said tissue 
annulus . 

4 . The valve of claim 1 , wherein said 
fingers are formed from an elastic material . 

5 . The valve of claim 1 , wherein said band 
comprises a gasket located around an outer 
circumference of said band, said gasket for sealing 
between said band and said tissue annulus. 

6. The valve of claim 1. wherein said 
fingers are hooked. 
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7 . The valve of claim 1 . wherein said 
fingers are barbed . 

8. The valve of claim 1 , wherein said 
fingers are barbed and hooked. 

9 . The valve of claim 1 , wherein said 
fingers are substantially parallel to a central 
longitudinal axis of said band. 

10. The valve of claim 1 . wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said band. 

1 1 . The valve of claim 1 , wherein said band 
is expandable . 

12. A method for attaching a uni -directional 
valve to a tissue annulus , said valve having a 
connector band attached circumferentially around said 
valve, said band having fingers attached 
circumferentially around said band, said method 
comprising : 

positioning said uni -directional valve 
within said annulus; and 

engaging said fingers to said annulus 
such that said fingers secure said valve to said 
annulus and such that said valve controls the flow of 
fluid through said annulus . 

1 3 . The method of claim 1 2 the engaging 
further comprising engaging such that said valve 
permits substantially only uni -directional flow through 
said annulus. 
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14. The method of claim 12 wherein said 
positioning comprises expanding said valve such "that 
said valve substantially fills said annulus and wherein 
said expanding occurs before said engaging. 

15. The method of claim 12 wherein said 
positioning comprises expanding said valve such that 
said valve substantially fills said annulus and wherein 
said expanding occurs before said engaging. 

16. The method of claim 12 wherein said 
engaging is caused by expanding said valve such that 
said valve substantially fills said annulus. 

17. The method of claim 12 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 

18. The method of claim 12 wherein said 
engaging further comprises expanding said fingers and 
rotating said valve to engage said fingers to said 
annulus . 

19. The method of claim 12 wherein said 
engaging said fingers to said annulus comprises 
repeatedly pulling a single portion of said annulus 
onto at least a single one of said fingers. 

20. A connector band for providing an 
interface between a uni -directional valve and a tissue 
annulus. said band comprising: 

a wall for location circumferentially 
around, and attachment to, said valve, said wall having 
a plurality of recesses for receiving said valve; and 

a plurality of fingers located 
circumferentially around, and attached to, said wall, 
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said fingers being adapted to secure said band to said 
tissue annulus . 

21. The valve of claim 20, wherein said band 
is expandable. 

22. The band of claim 20. wherein said 
fingers are adapted to secure said band to said tissue 
annulus upon expansion of said band . 

23. The valve of claim 20. wherein said 
fingers can be expanded from a first position adjacent 
to said band, engaged to said tissue annulus, and 
returned to said first position following said 
engagement, thereby securing said band to said tissue 
annulus . 

24. The valve of claim 20. wherein said 
fingers are formed from an elastic material . 

25. The valve of claim 20, wherein said band 
comprises a gasket located around an outer 
circumference of said band, said gasket for sealing 
between said band and said tissue annulus. 

26. The valve of claim 20. wherein said 
fingers are hooked . 

27. The valve of claim 20. wherein said 
fingers are barbed. 

28. The valve of claim 20, wherein said 
fingers are hooked and barbed . 
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29. The valve of claim 20. wherein said 
fingers are substantially parallel to a central 
longitudinal axis of said band. 

30. The valve of claim 20. wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said band. 

31. The valve of claim 20. wherein said 
recesses are adapted to receive rivets, said rivets 
being to attach said valve to said band. 

32. The valve of claim 20, wherein said 
recesses are adapted to receive screws, said screws 
being to attach said valve to said band. 

33. The valve of claim 20. wherein said 
recesses are for receiving clips, said clips being for 
attaching said valve to said band. 

34. A method for attaching a uni -directional 
valve to a tissue annulus using a connector band 
attached circumferentially around said valve, said band 
having fingers attached circumferentially around said 
band . said method comprising : 

positioning said band within said 

annulus ; 

engaging said fingers to said annulus 
such that said fingers secure said band to said 
annulus ; and 

attaching said valve to said band such 
that said valve controls the flow of fluid through said 
annulus . 

35 . The method of claim 34 the engaging 
further comprising engaging such that said valve 
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permixs substantially only uni -directional flow through 
said annul us . 

36. The method of claim 34 wherein 
positioning comprises expanding said band such that 
said band substantially fills said annulus before said 
engaging . 

37. The method of claim 34 wherein 
positioning comprises expanding said band such that 
said band substantially fills said annulus simultaneous 
to said engaging. 

38. The method of claim 34 wherein said 
engaging is caused by expanding said band. 

39. The method of claim 34 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 

40. The method of claim 34 wherein said 
engaging further comprises expanding said fingers and 
rotating said valve to engage said fingers to said 
annulus . 

41. The method of claim 34 wherein said 
engaging said fingers to said annulus comprises pulling 
a portion of said annulus onto one of said fingers. 

42. The method of claim 34 said attaching 
further comprising riveting said valve to said band. 

43. The method of claim 34 said attaching 
further comprising clipping said valve to said band. 
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44 . The method of claim 34 said attaching 
further comprising screwing said valve to said band. 

45. A valve apparatus for deploying in, and 
securing to . a tissue annulus , said valve comprising : 

a uni -directional valve portion for 
passing fluid in one direction and obstructing fluid in 
an opposite direction; and 

a plurality of fingers located 
circumferentially around, and attached to, said valve, 
said fingers being adapted to secure said valve to said 
tissue annulus. 

46. The valve of claim 45, wherein said 
fingers are adapted to secure said valve to said tissue 
annulus upon deployment of said valve. 

47. The valve of claim 45, wherein said 
fingers can be expanded from a first position adjacent 
to said valve , engaged to said tissue annulus , and 
returned to said first position following said 
engagement, thereby securing said valve to said tissue 
annulus . 

48. The valve of claim 45, wherein said 
fingers are formed from an elastic material . 

49. The valve of claim 45, wherein said 
valve comprises a gasket located around an outer 
circumference of said valve, said gasket for sealing 
between said valve and said tissue annulus. 

50. The valve of claim 45, wherein said 
fingers are hooked. 



W0 00/64380 



PCI7US00/10081 



- 21 - 

51. The valve of claim 45, wherein said 
fingers are barbed. 

52. The valve of claim 45, wherein said 
fingers are barbed and hooked. 

53 . The valve of claim 45 , wherein said 
fingers are substantially parallel to a central 
longitudinal axis of said valve. 

54. The valve of claim 45, wherein said 
fingers are substantially perpendicular to a central 
longitudinal axis of said valve. 

55. A method for attaching a uni- directional 
valve to a tissue annulus, said valve having fingers 
attached circumferentially around said valve , said 
method comprising: 

positioning said uni -directional valve 
within said annulus such that said valve substantially 
fills said annulus; and 

engaging said fingers to said annulus 
such that said fingers secure said valve to said 
annulus and such that said valve controls the flow of 
fluid through said annulus. 

56 . The method of claim 55 the engaging 
further comprising engaging such that said valve 
permits substantially only uni -directional flow through 
said annulus . 

57 . The method of claim 55 wherein said 
engaging further comprises expanding said fingers for 
engaging said fingers to said annulus. 
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58. The method of claim 55 wherein said 
engaging further comprises expanding said fingers and 
rotating said valve to engage said fingers to said 
annulus . 

59. The method of claim 52 wherein said 
engaging said fingers to said annulus comprises 
repeatedly pulling a single portion of said annulus 
onto at least a single one of said fingers. 
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WIRE FASTENERS FOR USE IN MINIMALLY INVASIVE SURGERY AND 
METHODS 



Technical Field of the Invention 

The present invention relates to the general art of minimally 
invasive surgery, and to the particular field of fasteners, tools and 
methods associated with minimally invasive surgery. 

5 Cross Reference to Related Applications 

The present application is a continuation-in-part of Serial Number 
08/802,948 filed on 02/21/97 which is a continuation- in -part of Serial 
Number 08/606,343 filed on 02/23/96. The disclosures of these applications 
are incorporated herein by reference. 

10 Background of the Invention 

In recent years, there has been a growing trend toward using 
minimally invasive surgical techniques to perform heretofore complicated 
and complex operations* Minimally invasive techniques have therefore been 
applied to many procedures such as gall bladder removal, operation on the 

15 reproductive organs, urological operations, and, more recently, heart valve 
repair and replacement as well as by-pass operations. Minimally invasive 
surgery uses only a small incision through which tools are inserted into 
the patient, with the tool being manipulated from outside the patient. 
Video is often used so the surgeon can view the surgical site. Minimally 

20 invaBive surgery has several advantages over other techniques including, 
inter alia, less trauma to the patient, smaller incisions, less post- 
operative pain, quicker recovery time (especially in the case of heart 
surgery since no ribs need to be broken for minimally invasive surgery), 
shorter time spent in the intensive care unit, as well as other advantages 

25 that will occur to those skilled in the art based on the teaching of this 
disclosure. 

The nature of minimally invasive surgery demands several criteria 
that should be considered for any item used in minimally invasive surgery. 
This disclosure will focus on fasteners, tools used to place the fasteners, 
30 and methods associated with such placement in a minimally invasive surgical 
procedure. Specifically, this disclosure will focus 
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on fasteners and tools used to place fasteners as well as the 
techniques for using those tools and fasteners in minimally 
invasive heart valve replacement surgery. For example, since 
speed is important for many reasons, the fastener should be 
5 capable of expeditious use. However, even though speed is 

important, the fastener must be capable of reliable and secure 
placement since a non-secure fastener can have undesirable 
results, especially if leak-paths could be formed adjacent a 
non-secure fastener. Still further, any item used for 

10 minimally invasive surgery, like any item used for any 

surgery, should have the confidence of the surgeon. This 
requires any new item to be useable with techniques and tools 
that are familiar to the surgeon so he or she need not make 
large changes in a technique they are already familiar with. 

15 It has been observed that surgeons are comfortable in making 
only incremental changes in technique rather than large scale 
and sweeping changes in technique. In many minimally invasive 
procedures, access to the surgical site is of paramount 
concern. The instrument should be designed to have a minimum 

20 bulk and to facilitate action that the surgeon can no longer 
accomplish with his hands due to restricted access. Since the 
operation occurs deep inside the patient and the surgeon will 
have only limited access and visualization of the site, it is 
important that the tools being used facilitate the procedure 

25 as much as possible. In addition, since access is so limited, 
methods must be effective. There must be a high probability of 
success in carrying out the techniques for them to be viable 
and accepted. As mentioned above, heart valve replacement will 
be used herein as a specific example of a technique that is 

30 amenable to minimally invasive techniques. Heart valve 
replacement using minimally invasive techniques is full 
discussed in the incorporated applications. While heart valve 
replacement will be used as the best mode, it is understood 
that the invention disclosed herein can be used in a myriad of 

35 techniques as will occur to those skilled in the art based on 
the teaching of this disclosure. Accordingly, there is no 
intention to limit the present disclosure to heart valve 
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replacement only. Still further, the terms "fastener," 
"anchor" and "staple" as used in this disclosure are intended 
to be interchangeable. However, those skilled in the art will 
understand that the term "fastener" can include other elements 
5 and a "staple" is a form of fastener. Wire suture is yet 

another term used to describe the fastener disclosed herein. 

As can be understood from the foregoing, there is a need 
for a means and method for placing fasteners in a minimally 
invasive surgical procedure that is expeditious but reliable 

L0 and is small enough to provide a clear sight path and be 

manipulated by a surgeon in small areas, yet will be secure 
when placed and will have the confidence of the surgeon. 

As disclosed in the incorporated applications, heart 
valves can be installed with double lead sutures with a 

L5 pledget and needles on the end of each suture lead. As further 
discussed in these applications, each suture needle can be 
independently placed through the annulus of a patient's tissue 
and the free ends brought up outside the cavity. Pairs of 
these sutures are placed, according to the teaching of the 

20 incorporated material, circumferentially around the annulus 

where the old valve has been excised. Once all of the sutures 
are placed, the needles are then passed through the sewing 
cuff on the prosthetic heart valve. The prosthesis heart valve 
is then slid down the associated suture into place in the 

25 annulus and the knots tied according to the teaching of these 
disclosures • 

In accordance with these disclosures, there is a need for 
a fastener, tools and methods which can take advantage of the 
advances disclosed and taught in the incorporated disclosures. 

30 Currently, some companies have been making tools to 

facilitate suturing of heart valves for minimally invasive 
procedures. These include modifications of existing needle 
driver (forceps) technology or devices to hold the sutures in 
an organizer to help facilitate the procedure. The problem is 

35 that a long needle driver needed for the minimally invasive 
access makes it difficult to manipulate the tools and even 
more difficult to tie knots at a remote location and there is 
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little time savings realized. Surgeons therefore have had a 
difficult time replicating their current techniques with 
subtle improvements to their existing tools when modified for 
minimally invasive surgery. For instance, when a surgeon 
5 places and drives a needle, the path of motion the needle 
takes through the patient's tissue is on an arc, with the 
center of the arc determined roughly by the radius of 
curvature of the needle. In a minimally invasive surgery 
procedure, one cannot twist the needle driving forceps in the 
10 same path as one does when using the "open procedure" 
instruments. This is due in part to the limited space 
associated with minimally invasive surgery. Also, this is due 
to restricted "in-line" viewing which is all one can obtain 
when viewing down a small and narrow tunnel-like incision used 
15 in minimally invasive surgical procedures. In addition, some 
surgeons may, in some procedures, want control of the number 
of sutures used and the location of each of those sutures. In 
other words, the procedure will most likely take longer and 
require greater surgeon skill than would a standard non- 
20 minimally invasive operation. This will hamper the growth of 
minimally invasive procedures. 

Therefore, there is a need for a fastener and tool for 
placing the fastener that will be readily adopted by surgeons 
practicing minimally invasive surgery, such as heart valve 
25 replacement surgery. 

Still further, it is very undesirable for a suture to 
come out of the tissue or the item being anchored to the 
tissue. This can be a problem in older patients with brittle 
or frail tissue. Therefore, the stress (force per unit area) 
30 placed on the tissue by any device used to anchor another 

device to the patient should be as low as possible. This can 
be achieved by either reducing the amount of force applied to 
the tissue or by increasing the area of force application. 
However, this stress reduction must not occur at the expense 
35 of a secure anchor and a leak-proof joint. In the case of a 
heart valve replacement, the fluids present will be 
pressurized blood, which cannot leak, and in the case of an 
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installation of a prosthesis in the gastroesophageal tract, 
the fluids may include bile fluid and other digestive tract 
contents, also which cannot be permitted to leak. Thus, a leak 
free joint is essential, but cannot be obtained at the expense 
5 of tearing the patient's tissue. Thus, the amount of force 
applied is not easily reduced. 

Therefore, there is a need for a fastener that can 
increase the total area of force application in an anchor 
situation without unduly sacrificing other advantages such as 
10 a good blood seal between the prosthesis and the patient's 
tissue • 

Yet a further problem with some prosthetic heart valves 
and the prior implanting procedures associated therewith is 
that there are unwanted projections remaining on the implanted 

15 item. These projections are created when sutures currently 
used in such procedures are knotted on the implanted item. 
This is especially true for valves that are sutured in place. 
Blood clots tend to form around foreign objects in the body. 
The body's natural defenses try to seal off any foreign 

20 material and make it non-threatening. However, there is a 
danger that the formed blood clots may dislodge into the 
patient's blood stream which may cause a major problem such as 
stroke. 

The sutures used in many existing techniques to sew a 
25 cuff in place are knotted and cut off. This leaves raw edges 
exposed to the patient's blood stream. These raw edges of the 
cut-off suture and knot provide surfaces for clot formation 
and since they are flexible and are directly in the high 
pressure blood flow path, they provide potential for clots to 
30 break off into the bloodstream. Loose clots in the bloodstream 
are dangerous for the patient as they have the potential for 
producing a stroke. Clots forming on sutures may also extend 
into the valve and produce malfunctions by trapping the valve 
open or shut. It is common practice to treat a post-surgical 
35 patient with heparin or some other anticoagulant to minimize 
the production of clots, short term. For longer term 
anticoagulant thereby, the patient with a mechanical heart 
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valve prosthesis faces a life long requirement of use of a low 
grade anticoagulant such as Cumenden®. 

Still further , the exposed surfaces can become a site for 
infection. Circulating bacteria may become attached and lead 
5 to infection at the implanted device. Such infections are 
notoriously difficult to treat with antibiotics. 

Therefore, there is a need for a means and method for 
placing an item, such as, for example, a heart valve, in a 
patient during minimally invasive surgery that minimizes the 

10 amount of foreign objects that remain exposed to the patient 
after the item has been implanted. 

As known to those skilled in the art, prior art sutures 
require knots. In the case of knots, proper tension is 
extremely important. Most surgeons determine the tension in a 

15 suture knot by feeling the knot with their finger. However, in 
the case of minimally invasive surgery, the surgeon cannot get 
his or her hand into position to feel the knot and thus ensure 
proper tension. 

Therefore, there is a need for a fastener that can ensure 

20 proper tension in minimally invasive surgery without requiring 
a surgeon to touch the fastener to make this determination. 

Still further, installing multiple suture pairs can be 
time consuming and can be difficult. Anything that can shorten 
the time of a surgical procedure can be advantageous. 

25 Therefore, there is a need for a fastener that can be quickly 
placed yet will still permit a surgeon to have great control 
of the suturing process and pattern, especially the placement 
of multiple suture pairs. 

There is data available which indicates that because the 

30 suture is manipulated with the surgeon's gloved hand during 

the knot-tying process required by prior art procedures, it is 
susceptible to contamination from pin hole leaks in those 
gloves. A system which minimizes the direct contact between 
the surgeon's hand and any of the implanted items will reduce 

35 the potential of the development of infection due to 
contamination . 

Therefore, there is a need for a fastener and a means for 
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implanting that fastener which can minimize direct contact 
between a surgeon's hand and the item being implanted or any 
component of such implanted items. 

Still further, since many patients have variations in 

5 size and spacing for the tissue to which an item is being 
anchored, the surgeon may want to customize the attachment, 
by, for example, adding fasteners to create just the right 
spacing and pattern to produce a desired seal for the item. 
Therefore, there is a need for a means and a method for 

10 placing fasteners which will permit a surgeon to customize the 
anchoring features of the system. 

Still further, some patients have tissue that is thicker 
than other patient's tissue, or is more fragile than other 
patient's tissue or the like. If the fastener being used to 

15 attach a prosthesis to a patient's tissue has legs that have a 
predetermined length relative to the base or crown of the 
fastener, that fastener may be suitable for tissue that has 
one thickness but not for tissue that has a different 
thickness. The same situation applies to the amount of tension 

20 that is to be applied to the tissue by the fastener. That is, 
one patient's tissue may be able to withstand more stress than 
another patient's tissue. Thus, a fastener that is suitable 
for one patient's tissue may not be suitable for another 
patient's tissue. 

25 However, the prior art fasteners have legs that are of a 

preset length. Thus, the surgeon must guess or anticipate what 
fastener he or she will use in a particular operation, or 
change fasteners during the operation. This is cumbersome and 
inefficient. A need might even arise in which different 

30 fastener leg lengths are needed for the same patient during a 
single operation. 

Therefore, there is a need for a fastener that can be 
customized for each particular patient, and each particular 
application, and can be altered as necessary during a single 

35 operation* 

objects of the Invention 

It is a main object of the present invention to provide 
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an anchoring and termination system that can be used in 
minimally invasive surgery. 

It is another object of the present invention to provide 
a fastening system that can be used in any prosthesis 
operation. 

It is another object of the present invention to provide 
a fastening system that can be customized for a particular 
patient. 

It is another object of the present invention to provide 
a fastening system that can be customized for a particular 
patient during an operation. 

It is another object of the present invention to provide 
a prosthesis anchoring system which utilizes a metal fastener 
whereby the entire crown of the fastener is used as the 
retaining surface for the fastener while being terminated from 
the open leg ends. 

It is another object of the present invention to provide 
a wire fastener that can be terminated with access only to the 
free legs thereof. 

It is another object of the present invention to provide 
a fastener deployment system which can accurately place a 
fastener in tissue given minimal access size with superior 
visual access to the fastener placement. 

It is another object of the present invention to provide 
a fastener for attaching a prosthesis to tissue whereby the 
fastener starts in a very elongated conf iguration is cut and 
terminated in a much shorter configuration. 

It is another object of the present invention to provide 
a fastener having very long legs which extend substantially in 
the proximal dimension to allow continued access to the 
extended length of the fastener. 

It is another object of the present invention to provide 
a fastener for use in minimally invasive surgery which 
establishes the proper retention force without requiring 
tactile contact between the surgeon and the fastener. 

It is another object of the present invention to provide 
a fastening system whereby the pre-placement of an elongated 
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fastener can guide a prosthesis to a seated position. 

It is another object of the present invention to provide 
a an elongated metal fastener which combines tissue 
penetrating features with tissue retaining features, 
5 It is another object of the present invention to provide 

a fastener terminating device and method which terminates a 
fastener by first gripping the fastener legs spaced from the 
crown of the fastener then cutting the fastener to length and 
subsequently forming the fastener. 
10 It is another object of the present invention to provide 

a device which grabs the fastener legs independent of the 
fastener crown for formation of the fastener legs. 

It is another object of the present invention to provide 
a prosthesis fastening system which minimizes the protruding 
15 mass extending beyond the prosthesis whereby the extending 

portion of the fastener is minimized in the blood flow area. 

It is another object of the present invention to provide 
a fastener termination means which has a sufficient retention 
force to securely fasten the prosthesis. 
20 It is another object of the present invention to provide 

a fastener deployment device which first deploys a fastener in 
the distal direction penetrating tissue and returning the 
fastener to a proximal position. 

It is another object of the present invention to provide 
25 a fastener termination system which is faster than knot tying. 

It is another object of the present invention to provide 
a fastener deployment device which houses a cartridge which in 
turn houses an elongated metal fastener for deployment in 
tissue. 

30 It is another object of the present invention to provide 

a fastener termination device which first attaches to the 
fastener in a very proximal position away from the item being 
anchored in the patient , which then is approximated to the 
item for the termination procedure. 

35 It is another object of the present invention to provide 

a fastener and a means and method of placing that fastener 
that improves the efficiency of the methods disclosed in the 
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incorporated app 1 icat ions . 
Summary of the Invention 

These, and other, objects are achieved by a metal 
fastener having very long legs that are immobilized, cut and 
5 manipulated to form a fastener that anchors a device, such as 
a prosthesis, into a patient. The fastener is immobilized and 
manipulated by a tool that grasps the legs at locations that 
are spaced from the crown of the fastener. The fastener thus 
formed has no knots or other elements that project into the 
10 patient's blood stream in a manner that is likely to cause 
blood clots. 

It is noted that the best mode of the means and method 
embodying the present invention is in minimally invasive 
surgery. However, those skilled in the art will be able to 

15 apply the teaching of the present invention to applications 
other than minimally invasive surgery without departing from 
the scope of the present invention. For example, open surgery 
can be performed using the means and method of the present 
invention, and such application is intended to be encompassed 

20 by the present invention. 

The long metal fasteners of the present invention are in 
essence a metal fastener which has about the same crown width 
as a large staple fastener. However, the legs of the fastener 
of this invention, instead of having a length approximately 

25 half the width of the crown, are many times the width of the 
crown. As used herein, the "width" of the fastener is the 
distance from one end of the crown to the other or the 
distance between points on the crown that are spaced the 
farthest from each other. Thus, in the case of a circular 

30 crown, the "width" will be equal to the diameter of the crown, 
and in the case of an oval crown, the "width" is the distance 
between ends of a major diameter thereof. As mentioned above, 
in the case of a linear crown, the "width" is the distance 
from one end to the other, and if the fastener has two legs, 

35 the "width" of the fastener is the distance between the two 
legs at the crown if the legs are located on the ends of the 
crown. If the legs are spaced from the ends of the crown, the 
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"width" will exceed the space between the legs. For example, a 
large staple having two legs, one at each end of the crown, 
may have a crown width of approximately 0.2 inches so the legs 
will have a length of approximately 0.1 inches. However, in 
the present invention, the fastener legs of a two-legged 
fastener with a linear crown are long enough to extend out of 
the patient when the crown is in anchoring position. Thus, for 
example, even if the crown has a width of approximately 0.2 
inches, the legs of the fastener of the present invention can 
be as much as ten to twenty inches long. The end of each leg 
is sharpened to a point so that they can easily penetrate 
tissue and/or any prosthesis attachment fabric or the like. 
Once the fasteners with the long legs are accurately placed, 
terminating the legs will complete the anchoring procedure. 
Unless otherwise noted, the best mode contemplated by this 
disclosure concerns a two-legged fastener with each leg being 
located on one end of the crown so the width of the fastener 
is the distance between the legs. However, a fastener having a 
single leg will also come within the teaching of the present 
disclosure, and such a one-legged fastener is intended be 
covered by this disclosure as well. 

As used herein, length of the legs will be defined as the 
distance between the end of the leg and the crown measured 
along the long axis of the leg. For the sake of convenience, 
the ratio of the length of the legs to the width of the 
fastener will be referred to as the L/W ratio. Thus, using the 
just-mentioned dimensions, the L/W ratio of the fastener of 
the present invention is between 50 and 100. In fact, this 
ratio can be several hundred in some circumstances. As also 
used herein, a fastener which is referred to or described as, 
a having a long leg will be understood to be a fastener having 
an L/W ratio of ten or more. Still further, the term "crown" 
is used herein as the element that abuts the patient's tissue 
and resists the tension associated with the fastener. In order 
to encompass all such elements, the term "crown" is not meant 
to be restrictive and refers to a fastener base which 
satisfies the tension-resisting function just described. Also, 
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it is noted that the base can have any shape, including linear 
as well as an arcuate perimeter* As used herein, the term 
"arcuate 19 is intended to mean any element having a shape a 
portion of which is non-linear. In the case of an arcuate 
5 perimeter, the width dimension will be the longest dimension, 
such as a diameter for a circular perimeter or the major 
dimension for an arcuate, non-circular perimeter. It is also 
noted that while the fastener described herein will be 
described as a wire fastener, no limitation to a metal type 

10 material is intended, and any stiff material that will satisfy 
the requirements associated with the functions set forth 
herein is intended to be included in this description of the 
fastener as being "wire." Furthermore, the fastener of the 
present invention need not be formed of a single, monolithic, 

15 material. The fastener can be formed of several materials, it 
can be formed of a composite material or the like without 
departing from the scope of the present invention as will 
occur to those skilled in the art based on the teaching of 
this disclosure, such as the disclosure associated with 

20 Figures 30C, et seq below. This feature of the fastener will 

permit the fastener to be customized for a particular surgery, 
as was discussed above, and will permit a surgeon to customize 
and modify the fasteners during a particular surgery whereby 
the most efficient and effective fastener will be placed where 

25 it is most efficient and effective. The only requirement of 

the fastener is that the legs can be manipulated and bent into 
a formed configuration and, once bent will retain the bent 
shape. As used herein, the term "no material memory" is 
intended to mean a material that can be bent and will retain 

30 the bent shape. This material will also be described as being 
formable. 

As will be understood from the teaching of the present 
disclosure, each fastener leg has a pointed end when it is 
initially placed into the patient and drawn through the 
35 patient's tissue, and then has another end after it has been 
cut. The cut fastener leg is bent into the formed 
configuration. The L/W ratio of the formed fastener is 
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substantially that of a common staple, with the length of the 
formed fastener leg being measure between the cut end of the 
leg and the crown and is measured along the long axis of the 
leg. That is, the L\W ratio of the formed fastener is between 
5 1 and ht whereas, the L\W ratio of the uncut and unformed 
fastener can be as much as 100 or more. 

The fastener of the present invention permits the surgeon 
to take advantage of the teaching of the incorporated 
applications. The ends of the fasteners are pushed back into 

10 the prosthetic cuff and do not protrude above the surface of 
that prosthesis. The incidence of clot formation as discussed 
above will be greatly reduced. In addition, no longer is a 
site readily available for the attachment of bacteria. By 
completely eliminating the requirement of manual knot-tying by 

15 the surgeon, and replacing it with the mechanical manipulation 
of the fastener with sterile surgical instruments , the risk of 
infection is reduced. 

In essence, the means and method embodying the present 
invention comprises three main components: the wire fastener 

20 used as an implantable anchoring system for items such as 

prostheses, means to deploy the wire fastener, and means to 
manipulate, terminate and form the wire. The anchoring of the 
prosthesis is securely retained in the tissue and the 
prosthesis is permanently attached to the tissue. Sutures are 

25 in essence tension members which are used to compress the 

patient's tissue against the prosthesis to seal the prosthesis 
to the patient's tissue. The fastener of the present invention 
provides the tension that is required to compress the tissue 
and adequately terminates the tension member and thus holds 

30 the prosthesis in place against the tissue. 

As discussed in the incorporated material, some of the 
most difficult problems facing a surgeon in a minimally 
invasive procedure are those of minimal access and visibility 
to the surgical site as well as the inability of the surgeon 

35 to feel the tissue and manipulations thereof. These challenges 
include being able to accurately place tools and sutures. The 
means and method embodying the present invention provide means 
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and method for tensioning an anchoring system without 
requiring that a knot be tied and is thus advantageous for 
minimally invasive surgeries. 

In a minimally invasive procedure, the restricted ability 
to visually inspect the attachment site and the reduced 
ability to get large instruments to the surgical site puts 
constraints on the types of instruments that can be used for 
this type of surgery. By being small and narrow, the means of 
the present invention which deploys the anchoring system will 
not block the surgeon's view, yet is also very precise in the 
way it delivers the anchoring device so that the surgeon can 
accurately place the anchor into the appropriate anatomy. 

The method embodying the present invention encompasses 
two major steps: surgical access and precise fastener 
placement in the patient's tissue (attaching the prosthesis to 
the fastener as necessary) ; and appropriate termination and 
forming of those fasteners in such a way that permanently 
attaches the prosthesis. 

The incorporated applications have taught means and 
methods to secure a heart valve prosthesis with various types 
of fasteners. In these incorporated disclosures, most of the 
fasteners are delivered and terminated (or formed) all from 
one side of the prosthesis. Most commonly, the fastener will 
be driven or placed into the tissue from the proximal side of 
the prosthesis (from the surgeon's point of view). 

Since most surgeons are familiar with placing metal 
needles through a patient's tissue, it is advantageous to be 
able to provide an instrument that can deliver a fastening 
element in much that same manner as a standard needle. The 
means and method of the present invention achieve this goal. 

Brief Description of the Dr awing Figures 

Figure 1 is a flow chart showing the steps in the method 
embodying the present invention. 

Figure 1A shows a metal fastener embodying the present 
invention. 

Figure IB shows the metal fastener of the present 
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invention after that fastener has been cut and bent. 

Figure 1C shows a fastener having a single leg and an 
arcuate crown. 

Figure 2 shows a tool initially placing a fastener. 
5 Figure 3 shows a tool pulling a fastener through tissue 

during an intermediate step of the method of the present 
invention. 

Figure 4 shows a plurality of fasteners in place forming 
retaining features and a tool placing another fastener in a 
10 patient's tissue. 

Figure 5 shows a plurality of fasteners in place with the 
crowns on the inferior side of an aortic annulus. 

Figure 6 shows a patient with a plurality of fasteners in 
an organizer. 

15 Figure 7 shows a sectional view of a J-shaped fastener 

and a prosthetic valve anchored to the patient's tissue. 

Figure 8 shows a cutaway view of a prosthetic valve in 
place with a tensioning tool in place on one fastener. 

Figure 9 shows a sectional view of a plurality of formed 
20 fasteners. 

Figure 10 shows the tool with a cassette containing a 
metal fastener removed from a handle of the tool. 

Figure 11 shows the head of the tool with a fastener in 
place prior to the fastener being forced through tissue. 
25 Figure 12 shows an alternative form of fastener being 

positioned to be driven through the tissue by the tool. 

Figure 13 shows a tool grasping tissue prior to driving a 
fastener through the grasped tissue. 

Figure 14 shows a tool that can be used in the method of 
30 the present invention. 

Figure 15 shows a tool for tensioning, cutting and 
forming the fastener after the fastener has been driven 
through tissue by the tool and after the tool has been removed 
from the fastener and withdrawn from the patient. 
35 Figure 16 is a view of the fastener in place on the 

tissue after the fastener has been driven through the tissue 
and before the tensioning tool has been placed on the 
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fastener . 

Figure 17 shows a prosthesis being moved into position 
adjacent to the tissue on the legs of the fastener. 

Figure 18 shows the tensioning tool in position to cut 
5 the legs of a fastener to define the ends of the legs. 

Figure 19 shows the tensioning tool in position adjacent 
to a cuff. 

Figure 20 shows the tensioning tool in position to cut 
the legs of the fastener. 
10 Figure 21 shows the tensioning tool forming the fastener 

by bending over the cut legs into position against the tissue 
in the manner of a staple. 

Figure 22 shows a section of a tensioning, cutting and 
forming tool that can be used in the method of the present 
15 invention. 

Figure 23 shows the end of the tensioning tool in 
position to receive the legs of the fastener. 

Figure 24 shows the end of the tensioning tool capturing 
the legs allowing the tool to slide down the legs without 
20 falling off. 

Figure 25 shows the tensioning tool just as it cuts the 
legs of the fastener. 

Figure 26 shows the tensioning tool just as it cuts the 
legs of the fastener. 
25 Figure 27 shows the tensioning tool in position after the 

legs have been cut and prior to the cut legs being bent over 
into staple- forming position. 

Figure 28 shows the tensioning tool as the tool bends the 
cut and immobilized legs over into the formed configuration. 
30 Figure 29 shows the tensioning tool being removed from 

the formed fastener. 

Figure 3 OA is an alternative form of wire fastener with a 
linear crown instead of an arcuate crown as is in the 
preferred form of the fastener. 
35 Figure 3 0B is another form of the fastener having a J- 

shaped body adjacent to the crown. 

Figure 30C is another form of the fastener which includes 
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an arcuate pointed end attached to the pointed end of a 
fastener leg . 

Figure 30D shows an alternative form of fastener with 
narrowed extended legs. 

Figure 30C1 shows the arcuate point of the fastener form 
shown in Figure 30C. 

Figure 30D shows a fastener formed to have two 
thicknesses . 

Figure 30E shows a fastener formed of two materials. 
Figure 3 OF shows a detail of the fastener shown in Figure 

30E. 

Figure 30F1 shows a detail of the fastener shown in 
Figure 3 OF. 

Figure 30G shows another form of fastener formed of two 
materials . 

Figure 30G1 shows a detail of the fastener shown in 
Figure 306. 

Figure 31 is a top view of a mitral valve anuloplasty 
ring that can be installed using the means and methods of the 
present invention. 

Figure 32 is a view taken along line A-A of Figure 31. 

Figure 33 shows a cut-away view of a mitral valve. 

Figure 34 shows a wire fastener of the present invention 
with the curved pointed end penetrating the mitral valve 
annulus during installation according to the method of the 
present invention. 

Figure 35 shows a plurality of pairs of wire fasteners 
according to the present invention which have been placed into 
the mitral valve annulus and through a sewing edge of an 
anuloplasty ring. 

Figure 36 shows wire fasteners of the present invention 
terminated into the sewing cuff anchoring a mitral valve in 
place according to the teaching of the present invention. 

Figure 37 shows an alternative form of the tool used to 
manipulate the fastener. 

Figure 38 is a cutaway side view of the alternative tool 
shown in Figure 37 in a configuration immediately before the^ 
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fastener legs are cut. 

Figure 39 is a view similar to that shown in Figure 38 
with the tool in a configuration immediately after the 
fastener legs are cut. 
5 Detailed Description of the Preferred Embodiment of the 

invention 

Referring first to Figure 1 for a broad overview of the 
means and method embodying the present invention, it is seen 
that a minimally invasive procedure is carried out by, after 

10 defining the necessary incisions, etc., placing the long leg 
wire fasteners of the present invention, then organizing the 
legs of those fasteners since the legs are long enough whereby 
some portion of the legs is located outside the patient. A 
sewing cuff of the prosthesis to be placed in the patient is 

15 placed on the fastener legs and guided down the legs into 
place. The prosthetic device, such as a heart valve in the 
best mode description here, is also placed on the legs of the 
fasteners and guided down the legs into place next to the 
sewing cuff. This is a relatively easy process since the 

20 fastener legs guide the items directly to the target area. A 
tensioning and forming tool is then guided down the legs of 
each individual fastener and operated. Operation of the 
tensioning and forming tool first immobilizes the legs 
adjacent to the prosthetic device, then cuts that portion of 

25 the legs that will not be needed to form the fastener into a 
staple-like anchor, then forms the remaining portion of each 
leg by bending it over into a staple-like configuration with 
the end of the leg abutting the device to press the device 
against the patient's tissue. The crown of the fastener, with 

30 a pledget if suitable, is located on the other side of the 
tissue. The forming tool terminates the stub, cutoff end to 
retain and anchor the prosthesis against the tissue. The 
fastener thus formed has no protruding elements that might 
create blood clots and is very stable. This immobilizing, 

35 tensioning, and forming process is repeated for each fastener. 
The long legs of the fasteners and the manipulation of the 
fasteners by immobilizing, tensioning and forming the 
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fasteners by means of these long legs permits the fasteners to 
be placed and used as guides for the remaining portions of the 
procedure while forming the fasteners in a manner that is 
secure, efficient and safe for the patient. 
5 The fastener is specifically shown in Figures 1A, IB and 

1C, with Figure 1A showing the unformed fastener 10U and 
Figure IB showing the formed fastener 10F. Unformed fastener 
10U includes a U-shaped body 12 having a crown 14 and two long 
legs 16 and 18. Each leg extends from crown 14 to a pointed 

10 end 20 and 22. The fastener is one-piece metal and each 
pointed end is similar to the points on sutures that are 
pulled through tissue. Fastener 10U has a width dimension W 
measured between legs 16 and 18 adjacent to crown 14, and each 
leg has a length dimension L measured between the pointed end 

15 thereof and the beginning of the linear portion of the leg at 
the crown. As was discussed above, the legs are long enough so 
at least a portion thereof is located proximally to allow easy 
access to the legs when needed when the crown is seated 
against the patient's tissue to which a prosthesis will be 

20 anchored. Accordingly, length L can be as much as ten or 

twenty inches, while width W may be as small as 0.2 inches. 
Thus the ratio of length L to width W, L/W, can be as much as 
one hundred or more, and should be at least five so the legs 
will be long enough to extend out of the patient's body if 

25 needed. The lower L/W ratio will be used in situations where 
the fastener will be located close to the surface of the 
patient's body. 

Figure 1C shows a fastened 10, with a single leg 19 and a 
load-spreading arcuate crown 14, having a dimension D that can 

30 be either a diameter if the crown is circular or the major 

dimension of the crown is another shape, such as oval, or the 
like. Leg 14, has a length L" measured from the crown to the 
leg tip 19'. The width W" of fastener 10, is equal to 
dimension D. As indicated in Figure 1C, L"/W" is greater 

35 than fifty, and can be more than one hundred if necessary. 

As broadly mentioned above, the fastener is manipulated 
by immobilizing it from the legs, placing tension on it from 
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the legs, cutting the legs and then bending the legs to form 
the formed fastener 10F shown in Figure IB* Once the fastener 
is cut, a large portion thereof is removed and new ends 24 and 
26 are formed on cut legs 28 and 30 respectively. Fastener 10F 
has crown 14' which is similar to crown 14 and a width 
dimension W which is very nearly equal to width W and is 
measured between legs 28 and 30 adjacent to crown 14'. Each 
cut leg has a length L' measured from adjacent to crown 14 ' to 
end of the leg, 24 or 26 along the long axis of the leg. As 
can be understood from Figures 1A and IB, length L is 
considerably longer than length L' , with length L' being 
similar to that of a staple and being in the neighborhood of % 
to 1 times the width dimension W so the L/W ratio drops from 
one hundred or more for fastener 10U to % to 1 for fastener 
10F. 

Referring next to Figures 2-5, initial placement of 
fastener 10U will be discussed, along with a fastener 
placement tool 40. As shown, fastener 10U is movably stored on 
tool 40 with crown 14 proximally located with respect to the 
surgeon and pointed ends 20 and 22 located distal ly with 
respect to the surgeon. Tool 40 includes a body 42 on which 
fastener 10U is mounted to move toward the distal direction as 
indicated by arrow S in Figure 2 under the influence of a 
crown follower 44 that is controlled by the surgeon from a 
handle of the tool located outside the patient's body. The 
surgeon manipulates tool 40 until a locating tip 46 is placed 
against the patient's tissue in the desired location. The 
surgeon then operates the handle of the tool to force crown 
follower 44 in the distal direction S and into contact with 
crown 14 to force the fastener in the distal direction S. Tips 
20 and 22 penetrate tissue T at the desired location. Once the 
tips of the fastener have penetrated the tissue and emerges on 
the other side of the tissue, the surgeon operates another 
portion of the tool to move a fastener grabber 50 in the 
distal direction S. Grabber 50 has a portion 52 which will 
capture the legs of the fastener 10U once engaged with points 
20 and/or 22. Protectors 52 can be formed of cork, urethane or 
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other material that will securely hold the legs of the 
fastener once engaged by the points. As shown in Figure 3, 
once the grabber is engaged with the pointed ends, the surgeon 
manipulates tool 40 to draw grabber 50 , with the points 20 and 
5 22 attached thereto, toward the proximal direction as 

indicated by arrow R in Figure 4. Movement of grabber 50 in 
direction R draws fastener 10U through tissue T, and such 
movement is continued until crown 14 engages tissue T on side 
I thereof whereby crown 14 is in contact with side I and 

10 pointed ends 20, 22 are located on side O of tissue T so the 
tissue is interposed between crown 14 and pointed ends 20, 22. 
Legs 16 and 18 are long enough so when crown 14 is engaged 
against the tissue, at least some portion of the legs can be 
located outside the patient's body. Crown 14 will be pulled 

15 off tool 40 and the tool can be released from fastener 10U. 

This process is repeated for each fastener used in the process 
as indicated in Figure 4 until all fasteners are set. As is 
also indicated in Figure 4, a pledget P can be placed on each 
fastener so it is interposed between the crown of the fastener 

20 and the tissue. The pledget is placed on the fastener before 
the fastener is placed on tool 40. Pledgets and their 
functions and operations are well known to those skilled in 
the art and thus will not be discussed. 

As indicated in Figure 6, the placed fasteners can be 

25 stored in an organizer 59 while the other fasteners are being 
placed. Protectors 52 can be placed on the fasteners to 
protect the surgeon against undue contact with the fastener 
pointed ends. A valve V is shown with wire legs engaged and 
the in the sewing cuff prior to being seated in the patient. 

30 Alternative forms of the fasteners are shown in Figure 7 

in which the fasteners 10 ' are inserted through tissue T from 
side O toward side I whereby crown 14" is located on side 0. 
Fastener 10' is J-shaped and is shown in Figure 3 0B. Operation 
of tool 40 for fastener 10 'is similar to that for fastener 10U 

35 just described, and thus will not be discussed. Fastener 10' 
has legs that extend out of the patient's body as just 
described for fastener 10U with pointed ends on the ends of 
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these legs. 

Once all of the fasteners are set, the sewing cuff of the 
prosthetic device is placed on the fastener legs outside the 
patient's body and slid down the legs until the device is in 
place. This step is illustrated in Figure 17. The legs act 
like guides to guide the device directly and accurately into 
the desired location on the patient. The prosthetic device is 
then placed on the legs and slid down those legs into the 
desired position and location on the patient. This is 
indicated in Figure 8. 

Once the prosthetic device is set, a manipulating tool 60 
is placed on the fastener legs outside the patient's body and 
slid down the legs into the position shown in Figure 8. A form 
of tool 60 will be discussed below, as will a form of tool 40 
that is suitable for carrying out the method described herein 
on the fastener embodying the present invention. Tool 60 is 
operated by the surgeon from outside the patient's body, and 
operates on the fastener totally by means of the fastener 
legs. The fastener is immobilized via the legs, portions of 
the legs are cut off the immobilized fastener and the 
remaining legs are bent over from the leg side of the fastener 
into the formed configuration 10F shown in Figures IB and 9. 
Tool 60 is then twisted until it is released from the formed 
fastener and then is withdrawn from the patient. This process 
is repeated for each fastener until all of the fasteners have 
been formed as shown in Figure 9 to securely, accurately and 
precisely attach a prosthetic device to the patient. Figure 8 
shows a heart valve placed in an aorta associated with heart 
H; however, as discussed above, no limitation to heart valves 
is intended with this being intended as only an example of 
this invention. 

Tool 40 is best shown in Figures 10-13. Tool 40 includes 
body 42 which extends from handle 70 to locating tip 46. 
Handle 70 includes a hand gripping portion 72 and a trigger 74 
that is operated by squeezing in direction C shown in Figure 
10. A gear (not visible in Figure 10) is rotated by the action 
of trigger 74. A sleeve 76 is located on top of the tool, and 
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a cassette 78 is releasably mounted on the tool by the sleeve. 
Cassette 78 includes crown follower 46 on one end and tip 
locator 46 on the other end, with grabber 50 being slidably 
mounted on the cassette and having a manipulating handle 80 on 
5 one end thereof. Grabber 50 is slidably mounted on the body 78 
so grabber can slide on the body 78 and these two elements can 
move with respect to each other. Body 78 includes a rack gear 
82 that engages the gear operated by trigger 74 whereby 
operation of trigger 74 moves crown follower 46 in direction 

10 S. A fastener is placed in a track in body 78 to have the 

crown thereof engaged by follower 46. As will be understood, 
operating the trigger 74 moves the fastener 10U into position 
and forces pointed ends 20 and 22 through the tissue, then 
operation of handle 80 drives grabber into position to engage 

15 these pointed tips. Pulling handle 80 out of the patient in 
the proximal direction draws the fastener through the tissue 
and sets the crown against the tissue as discussed above. The 
fastener can be located in a disposable track located on body 
42. Each time a fastener is set, a the track is removed, and a 

20 new track is placed on the body, with a new fastener on the 

new track. The tool is then ready for re-use to place the new 
fastener. 

An alternative fastener 10' ' is shown in Figures 30C and 
30C1 and a tool 40' for placing fastener 10" is shown in 

25 Figure 12. Tool 40' drives fastener 10" by grasping needle 
points 20' and 22' and driving them along an arc path A 
upwardly through tissue T. Fastener 10" includes legs 16' and 
18' one end of which is connected to the crown and the other 
end of which has needle points 20' and 22' thereon. Points 20' 

30 and 22' are attached to the legs 16' and 18' by swaging or the 
like and can flex as necessary. Tool 40' has a body 42' 
attached to a handle at one end thereof, and having a pivot 
lever 82 on the other end thereof. Lever 82 includes a fulcrum 
84 attached to a stationary member 86 of tool 40' and a first 

35 lever end 88 pivotally attached to an actuator rod 90 which is 
operated by the surgeon from outside the patient's body to 
move in direction S to set a fastener, and a second lever end 
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92 to which a fastener end 20' or 22' is releasably attached 
as by a sliding fit or the like. Tool 40 ' also includes a 
grabber 50 as described above. 

To drive a pointed end 20' and 22' through tissue, the 
5 fastener is placed on the tool 40' with ends 20' and 22' 
engaged with lever end 92, and the tool is placed in the 
patient and manipulated until ends 20' and 22' are located in 
the desired spot on the patient. Then, actuator rod 90 is 
forced in direction S thereby rotating the pointed ends 

10 through arc A and through the tissue. The grabber 50 is then 
operated in the manner discussed above and the procedure is 
completed as discussed above. 

Yet another form of the tool is shown in Figure 13 as 
tool 40". Tool 40" pinches the tissue prior to moving the 

15 fastener and thus includes a grasper mechanism 100. Mechanism 
100 includes jaws 102 and 104, with jaw 102 being on driver 
106 and jaw 104 being on driver 108 which are mounted on tool 
40" to be movable with respect to each other. A fastener 
driver 110 is also mounted on tool 40" and has a driver 

20 element 112 pivotally mounted on one end thereof, with the 

other end being located in the handle of the tool outside the 
patient. Grasper mechanism 100 is operated by moving drivers 
106 and 108 to draw the jaws 102 and 104 towards each other 
and together with tissue pinched therebetween. 

25 Fastener driver 110 includes a one-way pawl 120 that 

operates a spring 122 to prevent rearward movement of the leg 
when driver 110 moves the leg 112 upward toward tissue TP 
which has been formed by the grasper mechanism. Element 112 is 
mounted on fastener driver 110. Graspers 102, 104 are 

30 proximally actuated to pinch the tissue targeted for fastener 
placement. Once the tissue TP is immobilized the tips 20, 22 
of the fastener can be driven through the tissue toward the 
protector 52 into engagement with grabber 50. Grabber 50 is 
operated in the manner discussed above. As the tips of the 

35 fastener legs are drawn upward, the crown passes through pawl 
120 releasing the fastener from the tool. 

The tool 60 that immobilizes, manipulates, cuts and forms 
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the fastener 10U into fastener 10F is shown in Figures 14, 15 
and 18-29. As best shown in Figures 22-24, tool 60 includes a 
handle section 130 on one end of a body 132 which has a top 
section 134 on the end that is distal with respect to the 
5 surgeon. Handle portion 130 includes the elements required to 
operate the immobilizing, cutting and bending elements of tool 
60 and tip portion 134 includes the elements required to carry 
out these functions on the fastener. For the sake of clarity 
of description, the tip portion will be discussed first so the 

10 operations of the tool can be used to explain the elements. 

Referring to Figures 23-29, it is seen that the legs of 
the fastener are threaded through apertures defined between 
projections 140 and 142 on a stationary block element 144 and 
movable elements 146 and 148 respectively on a movable element 

15 150. In the tool being described, elements 146 and 148 are 
movable relative to element 144. Therefore, for the sake of 
description, elements 146 and 148 will be referred to as being 
movable elements and element 144 will be referred to as a 
stationary element. However, no restriction is intended. Also, 

20 during the description, the stationary elements may also be 

referred to as a lock block to emphasize its function, and the 
movable elements may be referred to as pinch dogs to emphasize 
their function. As shown in Figure 23, the stationary elements 
have apertures, such as aperture 152, defined therein, and the 

25 movable elements are positioned on the distal end of an 

element 154 which has a proximal end located in handle 130 
which is anchored to the handle. The movable elements are 
mounted on the distal end of a movable driver rod 150 which 
has a proximal end in the handle 130 to be operated from that 

30 handle. The movable elements are moved relative to the 

stationary elements to close the movable elements around 
fastener legs that have been positioned in grooves 152 when 
tool 60 is placed on the fastener legs. The gaps defined 
between the movable elements and the lock blocks are 

35 maintained large enough to permit the tool to be slid down the 
legs of the fastener until the terminal end 160 thereof is 
located adjacent to the tissue. Once this occurs, the movable 
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elements and the stationary elements are moved relative to 
each other to lock the fastener legs between the lock blocks 
and the pinch dogs as indicated in Figure 24, with the 
relative movement of these elements being understood by 
5 comparing Figures 23 and 24. Once the legs are captured 

between the lock blocks and the pinch dogs, the fastener is 
immobilized. Other movable and stationary element employ 
arcuate angled surfaces which when engaged tend to wedge the 
wire legs tighter between each element for securely holding 

10 the legs. 

The immobilized legs are then cut and bent into the 
Figure IB configuration by operating tool 60 using handle 130. 
As shown in Figures 25 and 26, tool 60 cuts the immobilized 
legs by means of a cutter mechanism 170 that includes a 

15 shearing edge 172 on stationary driver rod 154 and a cutting 
element 174 that has a cutting edge 176 on one end of a body 
178 that extends in the proximal direction from tip 134. 
Shearing edge 172 is located with respect to the lock blocks 
140 so that the distance between a crown located adjacent to 

20 the blocks 140 and the shearing edge is sufficient to form a 
cut leg having a length L when formed as shown in Figure IB. 
Cutter mechanism 170 further includes a sleeve 180 that is 
movably mounted on the tool to move in direction C shown in 
Figure 25 when distally directed force is applied thereto from 

25 the handle end by the surgeon. As can be seen in Figure 25, 
body 178 has a sloped shoulder 182 located to be slidably 
engaged by sleeve 180 when that sleeve is moved in direction 
C. 

When sleeve 180 engages shoulder 182, it forces body 178 
30 downwardly toward rod 154 in direction D shown in Figure 25. 

Continued movement of sleeve 180 in direction C forces cutting 
edge 176 to cut legs 16 and 18 as shown in Figure 26. The cut- 
off ends of the legs can be removed from the patient by the 
surgeon from the handle end of tool 60. 
35 Referring next to Figures 27 and 28, it is seen how tool 

60 is used to bend the cut legs into a staple shape. As shown, 
tool 60 includes an anvil mechanism 190 that includes a body 
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192 having one end thereof located outside the patient and 
having leg guiding surfaces 194 and 196 on the other end 
thereof. The surfaces 194 and 196 are shaped and positioned so 
that movement of the body 192 in direction F by pushing on the 
5 body from the handle end of the tool drives these surfaces 

against the immobilized and cut legs. Surfaces 194 and 196 are 
return surfaces and can be arcuate if suitable. The surfaces 
are shaped so that contact between the surfaces and the legs 
turns the legs inward as can be seen by comparing Figures 27 
10 and 28. Once the legs have been turned, body 192 is retracted. 

Once the legs have been formed and body 192 retracted, 
the fastener has been formed, and tool 60 can be removed. 
Removal is accomplished by releasing the legs from the pinch 
dogs and the lock blocks by moving the rods associated with 

15 those elements, and then simply twisting the tool to pull the 
lock blocks out of the formed fastener. The tissue and the 
sewing cuff as well as the other items captured by the 
fastener are soft enough to give when the tool is twisted so 
it can be removed from the fastener. This process is repeated 

20 on each fastener until all fasteners are formed into fasteners 
10F. Once this is accomplished, the prosthetic device will 
have been anchored in place. 

A preferred form of tool 60 is shown in detail in Figure 
22. The handle section of tool 60 includes a gripping handle 

25 portion 200 and a trigger portion 202. The anvil mechanism rod 
192 has a proximal end 204 and is connected to a trigger 
element 206 by a pin 208. A pivot pin 210 is mounted on handle 
portion 200 and trigger element 206 pivots in direction 211 
when operated. Moving the trigger element 206 in direction 210 

30 moves the anvil body 190 in direction F shown in Figure 28 to 
form the fastener. The handle section also includes a cutter 
handle 212 that is also pivotally mounted on the handle 200 to 
be moved in direction 214 by the surgeon. A gear 216 on handle 
212 engages a rack 218 on cutter sleeve 180 to move that 

35 sleeve in direction C shown in Figures 25 and 26 to operate 

the cutter element as above discussed. The lock blocks 140 and 
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142 are on rod 154 which is held stationary with respect to 
handle 200 while the pinch dogs 146 and 148 are mounted on rod 
156 that has a threaded element 218 on the end thereof 
adjacent to handle 200* A knob 220 has an internally threaded 
5 bore that threadably engages element 218, When the surgeon 

rotates knob 220, rod 156 is moved relative to the handle and 
thus relative to the lock blocks to close the pinch dogs on 
the lock blocks and thus capture the fastener legs between the 
pinch dogs and the lock blocks to immobilize those legs. 

10 Other forms of the fastener can also be used, just so the 

fastener has legs that are very long with respect to the 
crown. Another form of fastener is shown in Figure 3 OA as 
fastener 10" ' and has a linear crown 14'". 

In some situations, the wire legs of the fastener may be 

15 cumbersome. In such situations, an alternative form of the 

fastener having thinner legs that might be more flexible can 
be used. Such an alternative fastener is shown in Figure 30D 
as fastener 10T. Fastener 10T has legs 16T and 18T that are as 
much as seventy percent thinner than base 14T. The dimensions 

20 of the legs and the base being used to compare one to the 

other is the outer diameter of the legs and the outer diameter 
of the base. 

However, as discussed above, even the thin legs of a 
fastener such as fastener 10T may not be desirable for a 

25 particular operation. Therefore, a fastener such as fastener 

10S shown in Figures 30E, 3 OF and 30F1 could be used. Fastener 
10S has a stiff base 14S and sutures 16S and 18S as the legs. 
The sutures 16S and 18S can be any suitable suture material. 
Base 14S can be metal if desired. Pointed ends 20S and 22S of 

30 fastener 10S are formed by needles or the like which are 

attached to the sutures as by swaging or the like. The suture 
can be attached to the base as shown in Figures 3 OF and 30F1 
as by crimping or the like. Alternatively, the base can be 
hollow such as shown for fastener 10S' shown in Figures 30G 

35 and 30G1 and the suture legs 18S' and 20S' formed from a 

single one-piece suture 16S'/18S' that is attached to the base 
14S' by crimping or the like. Suture 16S'/18S' can be any 
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suitable suture material. 

As was also discussed above, some situations require 
fastener legs that are longer than other situations. In the 
past, a surgeon would have to either predict the length of 
5 fastener required, or stop the surgical procedure to change 
fasteners to meet the requirements of a specific situation. 
However, as can be understood from the present disclosure, the 
fastener of the present invention being manipulable from 
entirely the legs thereof, can be cut as needed. That is, 

10 since the fastener is pulled into position using the legs 

thereof, and is then cut and bent as needed entirely from the 
leg side of the fastener, the surgeon can set individual 
fasteners and cut the legs as needed for each individual 
fastener. Thus, a fastener can have leg lengths that differ 

15 from the leg lengths of adjacent fasteners. The surgeon can 
determine the leg length needed for a particular situation 
after he sees the situation. In order to capture this feature 
of the fastener of the present invention that permits the 
fastener to be customized, the leg length will also be 

20 described as being indeterminate. The indeterminate length of 
the fastener permits the fastener to be customized as needed 
even in situ. As is also discussed above, even in the 
situation of the customized fastener, the leg length will be 
proper so that the formed fastener will not extend into the 

25 blood stream. 

The means and method of the present invention have been 
disclosed above in relation to an aortic heart valve, but as 
mentioned previously, the means and method embodying the 
present invention can be applied to many different procedures. 

30 One example of these additional procedures is mitral valve 
replacement or repair. In the case of mitral valve 
insufficiency, a prosthetic anuloplasty ring can be attached 
to the outer periphery of the mitral valve annulus thus 
reshaping the mitral valve orifice to provide for better 

35 closure of the mitral valve leaflets. 

Figure 31 shows a top view of a mitral valve anuloplasty 
ring 300 with its "D" or elliptical shape. Section A-A shown 
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in Figure 32 shows a cross-section of the interior of the 
anuloplasty ring. The ring contains a semirigid core 302 which 
helps to maintain its shape so that the ring will reshape the 
annulus of the mitral valve into the normal elliptical 
5 configuration. The construction of the ring includes the core 
302 wrapped in a sewing fabric 304 such as a dacron polyester. 
Some anuloplasty rings contain an elongated edge which is used 
for suturing the ring to the valve. An anuloplasty ring is 
used in cases where the mitral valve has become leaky due to a 
10 relaxation or severing of the chorda tendinea. Further 

descriptions of indication for use and surgical anatomy can be 
found in texts and articles such as Illustrated Book of 
cardiac Suraerv by Bradley Harlan, Albert Starr and Frederic 
Harwin. 

15 Figure 33 shows a cut-away view of a mitral valve. The 

valve leaflet configuration shown in Figure 33 is much 
different than that of a tricuspid valve such as in the aorta. 
There is no defined annulus of the mitral valve. Since it is 
located in a lower pressure chamber, the tissues do not need 

20 to be as strong and therefore are not as well defined. 

Nonetheless, successful mitral valve surgeries where sutures 
are placed above the leaflets are successful in retaining the 
prosthesis in the mitral area. The wire fasteners around the 
annulus of the mitral valve have entrance points 306 and exit 

25 points 308. 

Figure 34 shows a wire fastener with the curved sharpened 
end penetrating the mitral valve annulus in an installation. 
One end of the wire fastener enters and exits the annulus of 
the valve and is pulled up outside the body thus placing the 

30 crown of the fastener within the annulus. 

Figure 35 shows fifteen pairs of wire fasteners of the 
present invention which have been placed into the mitral valve 
annulus and through the sewing edge of the anuloplasty ring. 
The anuloplasty ring will be slipped down the legs of the wire 

35 fasteners as described above and then seated in the annulus. 
The fasteners at the base of the anterior leaflet are placed 
so there is no gathering of this portion of the annulus. 
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Fasteners at the commissures and along the posterior of the 
annulus are positioned closer together along the ring than 
they are on the annulus. The ring is then seated and the valve 
is tested by injecting saline into the ventricular cavity with 
5 a bulb syringe. The wire fasteners are terminated as discussed 
above with a wire termination tool as discussed above for the 
aortic valve. 

Figure 36 shows a cutaway of the mitral valve anuloplasty 
ring with terminated wire fasteners in the sewing edge on the 

10 outside of the anuloplasty ring. 

A tool 60' is shown in Figures 37-39 and is an 
alternative form of tool 60. Tool 60' includes a sleeve 180' 
in which stationary element 148', movable element 154', 
anvil/cutter 400 and leaf spring 402 are located. Elements 

15 148' and 154' operate in a manner similar to the corresponding 
elements discussed above. Tool 60' differs from tool 60 in 
that anvil/cutter 400 is a one piece element that replaces the 
anvil and the cutter elements in tool 60. Thus, anvil/cutter 
400 includes a shearing edge 404 on one edge of a shaping end 

20 406. End 406 includes two arcuate sections 408 and 410 that 

correspond to the arcuate portions on the end of the anvil in 
tool 60. A shearing shoulder 412 is defined on element 154' to 
cooperate with the shearing edge and the shaped end to cut and 
bend the fastener legs as shown in Figures 38 and 39. The leaf 

25 spring 402 biases the cutter/anvil 400 upward away from 
cutting position relative to the shearing shoulder 412. 
Anvil/cutter 400 also has a ramp 414 thereon in position to be 
slidably engaged by end 416 of sleeve 180' when that sleeve is 
moved toward the distal end of the tool. As discussed above, 

30 such engagement forces the shearing edge of the anvil/cutter 

downward so it cuts the legs as above described with regard to 
tool 60. The sleeve will overcome the bias of the leaf spring 
during the cutting and forming movements, but the spring moves 
the cutter away from the shearing shoulder when the sleeve is 

35 moved toward the proximal end of the tool. A detailed 

description of the operation will not be presented as one 
skilled in the art will understand this operation based on the 
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teaching of this disclosure and the disclosure of Figures 37- 
39. 

As can be understood from the foregoing disclosure, the 
length of the fastener legs of the fasteners and tools of the 
5 present invention can be adjusted as required for each 
particular application. The legs can be grasped at any 
location to be cut or simply bent as required. Thus, the 
fastener can be used in tissue that has varying thickness, or 
can be a "universal" fastener that can be used in nearly any 

10 application. The fastener can be customized for each 

particular application by simply adjusting the length of the 
leg using the forming tool described above and grasping the 
leg at the location on the leg desired to define the fastener 
needed for the particular application. 

15 As discussed above, the means and method of the present 

invention is suitable for use in minimally invasive surgery. 
However, those skilled in the art can understand that the 
means and method of the present invention can be used in any 
surgical procedure, including open surgery. Accordingly, the 

20 present disclosure is intended to cover situations other than 
minimally invasive surgery. 

In addition, the step of tensioning the suture legs prior 
to holding the legs stationary for cutting and forming could 
be tool assisted whereby the surgeon would only need one hand 

25 to complete this step thereby freeing his other hand. In order 
to make the tool easier to use and amendable to one-handed 
use, it would include an additional mechanism on the 
tensioning tool described above which applies the proper 
tensiion to each leg singly or together. Such a mechanism 

30 would include a longitudinal slide on each side of the tool 
body. A wire engagement head would be located on the slide 
track. This wire engagement head is connected to a constant 
force return spring. After pressing the wire legs through the 
leg immobilizing jaws at the distal end of the tool, each wire 

35 leg is installed in the tensioning head. A one-way pawl in the 
head grips the legs when the slide track is retracted thus 
properly tensioning the legs. These heads could also be 
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attached to a constant force spring which would regulate the 
amount of tension applied regardless of where along the track 
the wire legs come up taut. In this way, the step of 
tensioning the legs would not require a second human hand once 
the legs were properly engaged in the instrument. Ratchets 
could also be employed to make the head retract with multiple 
strokes from an actuating trigger engaging the track. 

It is understood that while certain forms of the present 
invention have been illustrated and described herein, it is 
not to be limited to the specific forms or arrangements of 
parts described and shown. 
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WE CLAIM: 

1) A fastener for use in surgery comprising: a body having a 
base and a leg extending from said base; said body having a 
width dimension; said leg having a pointed end, an unformed 
length dimension measured from said base to said pointed end, 

5 and a formed length dimension measured between said base and 
an end, with the end located between the pointed end and said 
base and being defined by cutting the leg; and the unformed 
length being greater than the formed length. 

2) A fastener for use in surgery comprising: a body having a 
base and a leg extending from said base; said body having a 
width dimension; said leg having a pointed end, an unformed 
length dimension measured from said base toward said pointed 
end, and a formed length dimension measured between said base 
and an end, with the end located between the pointed end and 
said base; and the unformed length being greater than the 
formed length. 

3) A fastener for use in surgery comprising: a body having a 
base and a leg extending from said base, said leg having a 
pointed end and a length measured from said base, said length 

20 being indeterminate. 

4) The fastener defined in Claim 3 wherein said base has a 
width dimension and the length dimension of said leg is more 
than five times said width dimension. 

5) A wire fastener for use in minimally invasive surgery 
25 comprising: a U-shaped body having a base and two legs 

extending from said crown; said body having a width dimension 
measured from one leg to the other; each leg having a pointed 
end and a length dimension measured from said base to the 
pointed end thereof; the length dimension of each leg being 
30 greater than said width dimension by a factor of five or more. 

6) A fastener for use in minimally invasive surgery 
comprising: a body having a base and a leg extending from said 
base; said body having a width dimension; said leg having a 
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pointed end, an unformed length dimension measured from said 
base to said pointed end, and a formed length dimension 
measured between said base and an end, with the end located 
between the pointed end and said base and being defined by 
5 cutting the leg; and the unformed length being greater than 
the formed length. 

7) The fastener defined in Claim 5, wherein the length 
dimension of said leg is greater than said width dimension by 
a factor of ten or more, 

10 8) The fastener defined in Claim 5, wherein the length 

dimension of said leg is greater than said width dimension by 
a factor of one hundred or more. 

9) The fastener defined in Claim 6 where the unformed length 
is long enough to locate the pointed end of said leg outside a 

15 patient when said base is in place inside the patient. 

10) The fastener defined in Claim 6 further including means 
for cutting the leg and for bending the cut leg so the end of 
said cut leg form a retaining feature, said means engaging the 
leg. 

20 11) The fastener defined in Claim 9 wherein said means engages 
the leg on one side of the tissue with the base of said 
fastener being located on another side of the tissue whereby 
the tissue is located between said leg end and the base of 
said fastener. 

25 12) The fastener defined in Claim 6 wherein said leg is J- 
shaped adjacent to said base. 

13) The fastener defined in Claim 6 wherein said pointed end 
includes a needle tip swaged on said pointed end. 



14) The fastener defined in Claim 6 wherein said fastener 
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includes two legs. 

15) The fastener defined in Claim 6 in which the base of said 
fastener includes an arcuate perimeter. 

16) The fastener defined in Claim 6 wherein the width is the 
5 longest dimension of the base of said fastener. 

17) The fastener defined in Claim 6 in which said fastener is 
formed of composite materials. 

18) The fastener defined in Claim 6 in which said leg is one 
material and said base is a different material. 

10 19) The fastener defined in Claim 18 in which said one 
material includes suture material. 

20) The fastener defined in Claim 19 in which said base is 
hollow. 

21) A method of placing a fastener in a patient during surgery 
15 comprising: 

providing a fastener for use in surgery having a body 
having a base and a leg extending from said base f said leg 
having a pointed end and a length measured from said base, 
said length being indeterminate; 
20 locating the fastener inside a patient on one side of a 

tissue being operated on; 

driving a pointed end of the fastener through the tissue; 

grasping the leg after the leg has penetrated the tissue; 

tensioning the leg and moving the base of the fastener 
25 against the tissue ; 

immobilizing the leg on the other side of the tissue; 

engaging the end of the immobilized leg; and 
bending the leg to force the end back towards the base of 
the fastener. 
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22) The method defined in Claim 21 in which the step of 
immobilizing the leg is performed by grasping the leg on the 
side of the tissue opposite that of the base of the fastener 
whereby the tissue is located between the base of the fastener 
and any means used to immobilize the leg. 

23) The method defined in Claim 22 further including a step of 
cutting the leg. 

24) A method of placing a fastener in a patient during surgery 
comprising: 

providing a fastener for use in surgery having a body 
having a base and a leg extending from said base, said leg 
having a point on one end thereof and a length measured from 
said base, said length being indeterminate; 

locating the fastener inside a patient on one side of a 
tissue being operated on; 

driving a pointed end of the fastener through the tissue; 

engaging the fastener only at the leg after the leg has 
penetrated the tissue; 

tensioning the engaged leg and moving the fastener until 
the base of the fastener moves against the tissue; 

engaging the end of the immobilized leg; and 

bending the leg to force the end back towards the base of 
the fastener. 

25) A method of placing a fastener in a patient during surgery 
comprising: 

providing a fastener for use in surgery having a body 
having a base and a leg extending from said base, said leg 
having a point on one end thereof and a length measured from 
said base, said length being indeterminate; 

locating the fastener inside a patient on one side of a 
tissue being operated on; 

driving a pointed end of the fastener through the tissue; 

using only the leg of the fastener, moving the fastener 
into position and forming the fastener. 



WO 01/10310 



PCT/US99/21459 



38 

26) A method of placing a fastener in a patient during 
minimally invasive surgery comprising: 

providing a fastener having a body with a formable 
portion and having a base and a leg extending from said base; 
5 said body having a width dimension; said leg having a pointed 
end, an unformed length dimension measured from said base to 
said pointed end, and a formed length dimension measured 
between said base and an end, with the end located between the 
pointed end and said base and being defined by cutting the 
10 leg; and the unformed length being greater than the formed 
length; 

locating the fastener inside a patient on one side of a 
tissue being operated on; 

driving the pointed end through the tissue; 
15 grasping the leg after the leg has penetrated the tissue; 

tensioning the leg and moving the base of the fastener 
against the tissue; 

immobilizing the leg on the other side of the tissue; 

cutting the leg to form the end; 
20 engaging the end of the immobilized leg; and 

bending the leg to force the end back towards the base of 
the fastener. 



27) The method defined in Claim 26 including placing a pledget 
on the fastener adjacent to the base. 

25 28) The method defined in Claim 26 including placing a 

prosthesis on the fastener from the pointed end and moving the 
prosthesis on the fastener leg into position adjacent the 
tissue. 

29) The method defined in Claim 26 including grasping the 
30 tissue prior to driving the pointed end through the tissue. 

30) The method defined in Claim 26 including placing a 
plurality of fasteners. 
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31) The method defined in Claim 30 including a step of 
organizing the fasteners. 

32) The method defined in Claim 26 including a step of 
rotating the fastener while the fastener is penetrating the 

5 tissue. 

33) A tool for use in placing a fastener during surgery 
comprising: 

a body; 

a handle on one end of the body of said tool; 
10 a track on the body of the tool for slidably holding said 

fastener on the body of said tool; 

means for forcing the fastener along the body of the tool 
toward tissue being penetrated; 

means for guiding the pointed end of said fastener 
15 through a patient's tissue; 

means for grasping the pointed end after the pointed end 
have exited the tissue; and 

means for drawing the base of the fastener against the 
tissue. 

20 34) The tool defined in Claim 33 in which said means for 

drawing the base of the fastener against the tissue also draws 
the fastener leg out of the patient. 

35) The tool defined in Claim 34 further including means for 
supporting the leg after it has been drawn through the tissue. 

25 36) The tool defined in Claim 35 further including means for 
covering the point on the fastener leg after the leg has been 
drawn through the tissue. 

37) In combination with a fastener for use in surgery which 
comprises: a body having a base and a leg extending from said 
30 base, said leg having a pointed end and a length measured from 
said base, said length being indeterminate, a tool comprising: 



WO 01/10310 



40 



PCT/US99/2145? 



a body; 

a handle on one end of the body of said tool; 

a track on the body of the tool for slidably holding said 
fastener on the body of said tool; 
5 means for forcing the fastener along the body of the tool 

toward tissue being penetrated; 

means for guiding the pointed end of said fastener 
through a patient's tissue; 

means for grasping the pointed end after the pointed end 
10 have exited the tissue; and 

means for drawing the base of the fastener against the 
tissue. 

38) In combination with a fastener for use in minimally 
invasive surgery which comprises: a body having a base and a 

15 leg extending from said base; said body having a width 

dimension; said leg having a pointed end, an unformed length 
dimension measured from said base to said pointed end, and a 
formed length dimension measured between said base and an end, 
with the end located between the pointed end and said base and 

20 being defined by cutting the leg; and the unformed length 
being greater than the formed length, said tool comprising: 
a body; 

a handle on one end of the body of said tool; 

a track on the body of the tool for slidably holding said 
25 fastener on said body; 

means for forcing the fastener along the body of the tool 
toward tissue being penetrated; 

means for guiding the pointed end of said fastener 
through a patient's tissue; 
30 means for grasping the pointed end after the pointed end 

have exited the tissue; and 

means for drawing the fastener leg out of the patient. 

39) The tool defined in Claim 38 wherein said track is 
disposable and is releasably held on the body of said tool. 
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40) The tool defined in Claim 38 further including means for 
rotating the fastener as it is penetrating the tissue. 

41) The tool defined in Claim 39 further including a lever on 
the tool body and a rod connected to said lever and extending 

5 toward the handle of the tool body, and means on said lever 
for releasably grasping the fastener adjacent to the pointed 
end thereof, 

42) The tool defined in Claim 38 further including a fastener 
driver mechanism on the end of the body of the tool, said 

10 fastener driver mechanism including a one-way pawl and a 
spring. 

43) The tool defined in Claim 38 further including means for 
grasping tissue, said means for grasping tissue including a 
first jaw and a second jaw, each jaw being mounted on one end 

15 of a jaw actuating rod which extends toward said handle. 

44) The tool defined in Claim 38 further including a point 
protector on the fastener. 

45) The tool defined in Claim 38 further including an 
operating mechanism on the handle. 

20 46) A termination tool for use in placing a fastener during 
surgery comprising: 
a body; 

a handle on one end of the body of said termination tool; 

means on the body of the termination tool for 
25 immobilizing the fastener; 

means on the body of the termination tool for cutting the 
leg of said fastener; and 

means on the body of said termination tool for bending 
the cut leg toward the base of the fastener. 



30 47) A termination tool for use in placing a fastener during 
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surgery, the fastener having a leg of indeterminate length and 
being forced through tissue during surgery, the termination 
tool comprising: 
a body; 

5 a handle on one end of the body of said termination tool; 

means on the body of the termination tool for engaging 
only the leg of the fastener after the leg has been forced 
through the tissue and immobilizing the fastener and defining 
an end of the leg and bending the leg into a retaining 
10 position, said means engaging the leg of the fastener on the 
side of the tissue opposite to the base of the fastener. 

48) In combination with a fastener for use in minimally 
invasive surgery which comprises: a body having a base and a 
leg extending from said base; said body having a width 

15 dimension; said leg having a pointed end, an unformed length 
dimension measured from said base to said pointed end, and a 
formed length dimension measured between said base and an end, 
with the end located between the pointed end and said base and 
being defined by cutting the leg; and the unformed length 

20 being greater than the formed length, a termination tool 
comprising: 
a body; 

a handle on one end of the body of said termination tool; 

means on the body of the termination tool for 
25 immobilizing the fastener; 

means on the body of the termination tool for cutting the 
leg of said fastener; and 

means on the body of said termination tool for bending 
the cut leg toward the base of the fastener. 

30 49) The tool defined in Claim 47 wherein said means for 

immobilizing the leg of the fastener includes a first element 
on one end of a first element actuating rod and a second 
element on one end of a second element actuating rod, said 
actuating rods extending toward said handle and being movable 

35 with respect to each other whereby said first and second 
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elements can be moved with respect to each other. 

50) The tool defined in Claim 49 further including a leg 
receiving aperture defined in said first elements, said leg 
being received in said aperture and locked between said first 

5 and second elements when said first and second elements are 
oriented a leg grasping conf iguration next to each other. 

51) The tool defined in Claim 50 further including means on 
said handle for operating said actuating rods. 

52) The tool defined in Claim 48 wherein said means on the 
10 body of said termination tool for bending the cut leg toward 

the base of the fastener includes a returning anvil surface 
located to engage the leg and a body having said anvil surface 
thereon and extending toward said handle. 

53) The tool defined in Claim 52 wherein said handle includes 
15 means for moving the body having said anvil surfaces thereon. 

54) The tool defined in Claim 48 wherein said means on the 
body of the termination tool for cutting the leg of said 
fastener includes a shearing shoulder, and a cutter mechanism. 

55) The tool defined in Claim 54 wherein said cutter mechanism 
20 includes a sleeve movably located on the body of said 

termination tool and having one end located near the shearing 
shoulder and extending toward said handle, a cutting element 
having a cutting edge on one end located near said shearing 
shoulder and a cutter body located inside said sleeve. 

25 56) The tool defined in Claim 55 further including a guiding 

shoulder located on said cutting element to be engaged by said 
sleeve and shaped to move said cutting edge towards said 
shearing shoulder when said sleeve engages said guiding 
shoulder and is forced toward said shearing edge. 
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57) The tool defined in Claim 52 wherein said anvil and said 
cutter are one piece. 

58) The tool defined in Claim 59 wherein said first and second 
elements are shaped to increase grasping force on the leg as 
the first and second elements are moved closer to each other. 
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